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   In recent decades, extreme rainfall events have been experienced in the Philippines 
and in its neighboring Southeast Asian countries. Such events that led to series of 
disasters have raised concerns among the local communities, whether these were 
caused by the already changing climate, particularly due to “global warming”. To 
address these concerns, this thesis investigates the changes in rainfall extremes over 
the region, with a primary aim of revealing whether such changes were part of natural 
climate variability or as a result of the globally warming climate. Constrained by data 
availability, the initial part of the study focuses only on the Philippines. Nonetheless, 
the latter part of the study is achieved for the whole region of Southeast Asia by using 
the Asian Precipitation—Highly Resolved Observational Data Integration Towards 
Evaluation of Water Resources (APHRODITE) gauge-based gridded precipitation data. 
Standard metrics have been used to describe and analyze the rainfall extremes. 
   First, extreme precipitation indices (EPIs) are used to describe moderate extreme 
rainfall in the Philippines. The EPIs, which characterize daily rainfall in terms of 
intensity, accumulation, and duration on a seasonal perspective, are defined using 
60-year (1951–2010) of daily rainfall data from 35 meteorological stations in the country. 
The nonparametric Mann–Kendall test is employed in combination with the moving 
blocks bootstrapping technique to detect significant trends in EPI. The results suggest a 
tendency toward a drying condition for the dry season, January–March, as indicated by 
statistically significant decreasing trends in seasonal wet days total rainfall associated 
with increasing trends in maximum length of dry spell (LDS). In contrast, statistically 
significant increasing trends in maximum 5-day rainfall and decreasing trends in LDS 
denote a wetting condition during the July–September season, particularly at stations 
located in the northwest and central Philippines.  
   Next, the statistical modeling of extreme values is employed to detect potential 
changes in rarely extreme rainfall in the Philippines and to investigate whether such 
changes are associated with the rising near-surface global mean temperature and the El 
Niño–Southern Oscillation (ENSO). The generalized extreme value distribution is 
formulated to its stationary and nonstationary forms; then, it is fitted by the maximum 
likelihood method to the series of daily rainfall annual maxima spanning 100 years 
(1911–2010) at 23 meteorological stations across the country. Subsequently, statistically 
significant changes in extreme rainfall in the country are detected; such changes are 
further linked to the near-surface global mean temperature and ENSO.  
   Finally, the study is extended to the whole region of Southeast Asia by using the 
APHRODITE data. Both the Mann–Kendall trend test and the extreme value modeling 
are used; then, it is revealed that global warming has already been influencing extreme 
rainfall over the region. In particular, the increasing (decreasing) trends in extreme 
rainfall that are detected in Indochina Peninsula and central Philippines (Maritime 
Continent) are associated with positive (negative) co-variations between the global 
mean temperature and extreme rainfall over the past 57 years (1951–2007). 
Additionally, an increasing number of tropical cyclones generated over the South China 
Sea and the weakening of the Walker circulation, which are among the expected tropical 
climate response to global warming, are further observed. In general, the study has 
concluded that along with the modes of climate variability, such as the ENSO that 
primarily influences extreme rainfall over the region, the impact of global warming on 
extreme rainfall has already been observed and is necessary to consider in adaptation 
measures to minimize extreme rainfall related disasters over the region. 
【学位論文審査の要旨】 
 









APHRODITE（Asian Precipitation—Highly Resolved Observational Data Integration 
Towards Evaluation of Water Resources）データを用い、国際的に広く使われている極端
降雨指標の長期間での変化を統計的に解析した。  






















ア諸国において、地球温暖化と ENSO や PDO といった自然変動の影響について、長期的
な気候データにより詳細な検討を行い、亜熱帯地域における降雨強化と、赤道地域におけ
る降雨弱化という地域的コントラストを指摘したことは、気候学的、地理学的にも重要な
指摘である。 
以上により､本論文は博士（理学）の学位を授与するのに充分な価値があるものと認めら
れた。 
